Abstract. In this paper, we investigated the electrode structure of the electrical bio-sensor to reduce impedance measurement fluctuation. Five pairs of the same electrodes were formed on the PCB substrate, and a fluidic channel was constructed with a double-sided tape and polycarbonate cover so that all the electrodes had the same reagent distribution. In order to find an electrode structure with little change in impedance, the structure of the electrode pairs arranged on the PCB substrate was divided into five types, one to five layers. The electrodes arranged on the PCB substrate are made the same size and the spacing between the electrode pairs is the same. As a result of an experiment in which physiological saline was injected into an electrode chip made of five electrode structures, it was confirmed that the change in the impedance between the electrodes was small as the number of electrode layers was increased.
Introduction
Measuring DNA or protein using fluorescent labels requires expensive and precise equipment and has unexpected interference with detection systems [1] . On the other hand, electrical sensors enable the label-free detection by measuring electrical signals instead of fluorescence brightness. It is a very promising bio-sensing method because the limits of detection are very low and the time-to-results are relatively fast [2] . Recently, it is called electrochemical impedance spectroscopy (EIS) because it primarily measures the impedance change depending on the concentration of DNA or the amount of protein captured in the antibody [1, 4] .
All of the above electrical sensors need electrodes. For example, to determine the concentration of prostate-specific antigen associated with prostate cancer, three gold electrodes were prepared by photolithography on a silicon substrate [3] . There are also cases where an electrode array is made using CMOS technology and used for DNA detection [1] . On the other hand, in order to observe the motion of the cell, an electrode is formed on glass or printed circuit board (PCB) substrate [5, 7] . These electrodes are expected to have different properties each time they are made, but research on the variations of the characteristics is hard to find. Instead, calibration is performed taking into account changes in electrode properties before use [1, 6] .
In this paper, we investigate the variation of the characteristics of electrodes and investigate how to make the fluctuations small. The electrodes can be constructed in various ways. However, we used the manufacturing process of printed circuit board PCB which is stable. In case of manufacturing by other methods, fluctuation of electrode characteristics may be caused by other factors such as them from the unstable process. Since the PCB fabrication process is the most stable process due to the development of information technology, the fluctuation of the electrode manufactured by this process must cope with each application. It is desirable to experiment with fluctuation between several PCB substrates. However, since there is concern about fluctuation of reagent distribution due to channel fabrication, five electrodes were manufactured on one PCB substrate and the variation between them was examined. This is because the electrode structure, that minimize the impedance fluctuation between these electrodes, is expected to reduce also the variations among the PCB substrates. The electrodes were arranged side-by-side in order to immerse the electrodes in the same solution. Then, a double-sided tape was used to construct channels of the even width and covered with a polycarbonate cover to form a fluidic chip. If the length of the channel is long enough and the width is fairly even, the same amount of solution will be distributed around all the electrodes.
For measurement of impedance as in the reference [1] , saline solution was distributed on electrodes and measured by sinusoidal stimulation using transimpedance amplifier. Assuming that the electrode width is main cause of the impedance fluctuation, it is expected that the fluctuation becomes smaller when the electrode is arranged in multiple layers. Assuming that the variation of the electrode is mainly due to the fluctuation of the electrode width, it is expected that the fluctuation is small when the electrode is arranged in multiple layers. Experimental results were similar to those expected, but the frequency characteristics became bumpier as the number of electrode layers increased.
Material and Method

Experimental setup
In this paper, experiments were conducted using electrodes made of PCB substrate. Five pairs of electrodes with a constant width were arranged side by side on a PCB substrate. The electrodes were manufactured to a uniform size of 100μm×1mm. The interval of the electrodes was constant at 100μm. The electrode has five kinds of structures from one layer to five layers. A channel was formed on the double-sided tape so that the solution was uniformly distributed in each electrode pair, and the tape was attached on the electrode. The channel width and length is 423mm. Finally, a fluidic chip was manufactured by covering the channel with a polycarbonate cover with inlet and outlet. For the experiment, a simple circuit was made by connecting resistors in series on a fluidic chip. To more accurately measure the impedance of the electrode pair, a precision resistor with an error rate of 1% was used. The experiment was carried out using Picoscope2204A (Pico technology). The Picoscope2204A has an arbitrary waveform generator (AWG) to generate the signal and an A channel and a B channel to measure the signal. After injecting the solution to the electrode fluidic chip and sealing the inlet and the outlet, the chip was attached on circuit. After that, I connected the Picoscope2204A to the circuit to complete the setting. The circuit was implemented using a commercially available Breadboard. In order to extract the desired data by calculating the measured signals from the circuit, a program was developed that implemented the lock-in amplifier and the voltage divider through MATLAB.
Experimental Procedure
The saline solution was injected into the chamber channel through the inlet of the fluidic chip. Injection should have been careful not to have air bubbles near the electrodes. A constant volume of saline solution of 35μg was required to fill up the channel. The saline solution used in the experiment was diluted to a concentration of 1.25ug/ml. After the injection of the saline solution was completed, the inlet and the outlet of chip were sealed before measuring. Then the fluidic chip was set on the measurement circuit. For each fluidic chip with one of the five types of electrode structures, the impedance of each pair of electrodes measured at the frequencies from 10 kHz to 100 kHz in 5 kHz intervals in turn. The impedance of the electrode pair according to each frequency was calculated in MATLAB program we built with the given software development kit. The impedance data of each electrode extracted from the program were analyzed using Microsoft Excel.
Results
In this paper, an experiment was conducted to find an electrode structure with little variation in impedance depending on the electrode structure. For the experiment, electrodes constructed using PCB process were used. Five pairs of electrodes are arranged side by side and electrode are arranged with a constant size and spacing of electrodes. A fluidic chip was prepared with the electrode and the impedance of the electrode was measured using saline solution. Drawing a graph with data extracted from a single-layer electrode fluidic chip, it can be seen that the impedance value variation among the electrodes is severe even though it is the experimental result on the electrode in the same chip. In addition, when comparing the graph drawn with the 5-layer electrode fluidic chip data and the graph of 1-layer chip, it is confirmed that the variation of the impedance value between the electrodes is reduced in the 5-layer electrode structure. However, it can be confirmed that the frequency characteristic becomes bumpy in the electrode pairs having many layers. The results of all kinds of the electrode fluidic chips were collected and the relative deviations of the impedance magnitudes were extracted and plotted. In the graph, it can be seen that the relative deviation decreases as the number of electrode layers increases.
Conclusion
In this paper, a fluidic chip was fabricated as an electrode on PCB substrate, and experiment was conducted to measure impedance variation according to electrode structure. The structure of the electrodes was made up of five structures, from one to five layers, with increasing the number of electrode layers. Experimental results show that the variation of the impedance value between electrodes is reduced in the structure with many electrode layers. As a result of this experiment, I was able to confirm what was expected. Also, it was confirmed that the frequency characteristic of the electrode becomes bumpy as the number of layers of electrode increases.
